Introduction

I
n April 2009, a measles outbreak struck Bulgaria that claimed 24 253 cases and 24 deaths until it tapered off in 2010 (figure 1). 1 More than 70% of patients were younger than 15 years, and approximately 90% were from the Bulgarian Roma community; according to the national statistics on ethnicity, Roma comprise around 4% of the general population. Almost 95% of patients had not received the full course of measles-mumps-rubella vaccination, even though children are entitled to the basic benefit package of medical services free of charge, including primary, specialist outpatient and hospital services. The epidemic was precipitated by a number of circumstances that converged simultaneously: virus importation from Germany, health system and socio-economic reform, social marginalization, crowded housing conditions and a high degree of mobility among Roma communities. 2 These and other social determinants such as low income, low level of education, knowledge of health risks, access to care or incarceration are significant drivers of infectious disease transmission in Europe. 3 Bulgaria has undergone a significant socio-economic transition since 1989 and experienced a decline in the gross domestic product (GDP) by 6.4%, while other countries, such as Poland, have produced significant increases over the same time period. Total government expenditures are below the European average, with implications for socio-economic development and standard of living. The health status of the Bulgarian population generally worsened as the economy deteriorated. Particularly at risk are certain vulnerable groups, such as the Roma, who live in poor settlement and experience low levels of educational attainment and employment opportunities. 4, 5 Although overall level of childhood immunization rates in the past 20 years has been high, there were also periods of sharp drops in vaccination rates, with pockets of under-vaccinated populations. Testing samples from a serum bank, representative of the general population in Bulgaria, has revealed 30% of the 2-to 4-year-old age group to be seronegative for measles. 6 Moreover, a retrospective analysis of childhood measles-mumps-rubella immunization coverage in the Sofia region documented a 10% discrepancy in immunization rates between Bulgarian and Roma ethnic groups. 7 Roma are the largest marginalized group in Europe and suffer disproportionally from poor access to health care and uptake of preventive care, with higher rates of infectious and non-infectious diseases and shorter life expectancies in comparison with the majority population in a number of European countries. 8, 9 Clearly, in Europe, Roma do not suffer disproportionately from all communicable diseases, but some infections are more implicated than others, such as tuberculosis, HIV, respiratory, sexually transmitted or vaccine-preventable infections. High infection rates for common childhood pathogens have been found in Roma children in areas characterized by lower socio-economic status, for example, in Romania. 10 Roma children <5 years of age were significantly more likely to acquire acute respiratory infections than children in the general population in Serbia. 11 Roma children who lived under unfavourable hygienic conditions that facilitate the spread of infections were found significantly more seropositive for Toxoplasma gondii, hepatitis A and B, Helicobacter pylori, herpes simplex virus and cytomegalovirus than non-Roma children living in same area in Greece. 12 Drug-related infections and co-infections have been identified in marginalized Roma populations, such as intravenous drug users and homeless people in Hungary. 13 An outbreak of hepatitis A among Roma has been associated with low socio-economic conditions in Slovakia.
14 Misconceptions about HIV transmission and other sexually transmitted infections are prevalent among Roma communities, characterized by pervasive social health problems, widespread poverty, limited educational opportunities and discrimination in Bulgaria and Hungary. 15 Socio-economic disparities have been identified as risk factors in past measles outbreaks in European Union (EU) countries. 16 Such outbreaks are a stark reminder of the urgency to act on social determinants of measles in Europe, 3, 17 particularly because the disease is targeted for elimination by 2015. 18 Moreover, outbreaks of other vaccine-preventable diseases (e.g. diphtheria, polio) could easily occur if infectious agents were to be introduced into communities with similar socio-economic conditions. 19 However, health inequalities among the Roma remain largely uninvestigated and unattended to. In this study, we focused specifically on measles, a vaccinepreventable disease, but otherwise one of the most contagious diseases known to humans. We examined the contextual drivers of the 2009 and 2010 measles outbreak in Bulgaria, a country that has experienced significant socio-economic upheaval over the past decades. Of particular interest were the determinants of medical complications from a measles infection, as a possible explanation of the high case-fatality rate (1/1000 measles cases). Medical complications can inflict young children and include pneumonia, otitis media, laryngotracheobronchitis, diarrhoea and acute encephalitis, which often results in permanent brain damage. Death occurs predominantly from respiratory and neurological complications.
Methods
Study areas
Measles cases, incidence and economic development indicators such as GDP were analysed for all 28 administrative regions of Bulgaria. Subsequently, we sampled measles cases randomly from the national medical record database for the region with a high proportion of medical complications from measles infection. We selected cases from Burgas, a region in south-eastern Bulgaria, of 7800 km 2 , where almost 1000 cases of measles occurred during the outbreak and where the rate of medical complications is two times higher than at national level for Bulgaria (74% vs. 33%) (table 1). Measles is a reportable disease in the EU, and demographic and epidemiological data are routinely collected on communicable diseases. 20 On a regional basis, data are also collected with a rapid notification form and a form for epidemiological investigations of an infectious disease case. Completion of these forms is compulsory for any infectious disease case, according to the Ministry of Health Ordinance No. 21 on the procedure for registration, notification and reporting of communicable diseases. For this study, we reviewed these charts. Approval from the Ministry of Health of Bulgaria was obtained on 8 July 2011. Additional information was collected from other official sources (e.g. Regional Health Inspectorates), such as access to water and sewage.
Data collection
The charts were selected and reviewed on site by 35 regional health inspectors. Inclusion criteria for our sampling frame were clinically confirmed cases of measles; they were randomly selected from a line listing of all reported measles cases, according to a random cluster sampling design. No personal identifiers were collected but place of residence-post code, sex, age, case category, date of hospital admission (if relevant), medical complications, immunization status (zero, one, two doses), education, employment (if applicable) and kindergarten or school attendance of the case. As the cases were individuals <18 years of age, parental socio-economic information was also reviewed, such as education level of both parents, employment status of both parents and living conditions (number of family members in the household, access to sewage system, etc.). A random sample of the chart reviews were subjected to quality control by comparing the charts with the electronic database.
Statistical analysis
The aim of the analysis was to examine the reasons of the high proportion of medical complications during this measles outbreak. Thus, we analysed the contribution of socio-economic determinants as a driver for medical complications from measles infections on a regional level. Economic development indicators for all 28 administrative regions were tested as predictors in a multivariate regression model; we included average wages, GDP per capita, unemployment, population per doctor and environmental determinants such as percentage of the population in the region with access to public sewage. Because the demographic profile of the 28 regions of Bulgaria varied significantly, the non-parametric assumptions for the distribution of variables in a linear regression of an ecologic study were violated. We used quintile regression to overcome the limitations of skewed distributions and modelled the median of the quintiles of the dependent variable instead of the mean.
Individual-level risk factors for medical complications from measles, such as demographic and socio-economic variables from the charts, were modelled with logit regression; medical complications, such as pneumonia or encephalitis, are often seen in severe cases of measles and can result in death. To correct for the design effect of the cluster sampling method, we applied the finite population correction factor because the reported number of measles cases with medical complications is known; moreover, our sample represents >5% of the overall reported measles cases with medical complications. Three different design effect correction factors were applied: one for the logit regression for all medical complications (71.6%), a different one for the logit regression for severe medical complications (70.64%) and finally 72.75% for the logit regression for mild medical complications. The explanatory variable was the 'complication' (coded as dummy variable), and the predictors were age of the patient, education of the mother (number of years of completed education), number of family members living in the household and declared household income. Information on parental occupation (unemployed, employed temporarily, employed with an undefined term contract and unemployed with social transfers for both parents) was coded as a dummy variable 'household with declared income' equal to 1 when in the household, at least one of the parents were employed with an undefined term contract and/or unemployed with social transfers. In all other cases, the variable 'household with declared income' was coded as zero. Because maternal education has been documented in the literature to be an important determinant of paediatric health, it was substituted for paternal education as they were strongly correlated. All analyses were performed in STATA. 21 
Results
The number of measles cases by region was plotted against GDP along with the percentage of Roma measles cases compared with the total population (figure 1). The geographic visualization of the data indicated a relationship between GDP and number of measles cases (figure 2). This observation was subjected to quintile regression where the dependent variable (number of measles cases) was modelled with socio-economic predictors. However, the ecologic analysis yielded no statistically significant results, owing to sample size constraint (data not shown). Thus, we reviewed chart data of the measles outbreak in a region with a high proportion of medical complications (Burgas) (tables 1 and 2). A total of 297 patients were interviewed for our analysis, which comprised 30% of all measles cases reported in Burgas. The logit regression was performed for data on individuals aged 18 years, which represents a sample of 206 patients (21% of all charts). On average, individuals infected with measles were 5.2 years of age, living in a household with a 28-year-old mother and a 31-year-old father (table 2) . On average, both parents in our study population had more than 6 years of education (7 years of primary education and 10-11 years of secondary education). In our sample, 88% developed medical complications, such as pneumonia, encephalitis or diarrhoea, from the measles infection. Death has not been considered as a medical complication to avoid double counting of cases because death is an outcome of medical complications.
Our analysis revealed maternal education to be protective against medical complications from measles in our study population, with an odds ratio (OR) of 0.83 [95% confidence interval (CI) 0.73-0.94] (table 3) . Thus, for each successive year of education of the mother, the probability of medical complications decreased by 17%, all things being equal. We also found the probability of a child to develop medical complications after being infected with measles to decrease with a vaccination (table 3) . Results of the analysis indicated that the probability of developing medical complications, subsequent to a measles infection, decreases by 26% with increasing household size (table 3) . On average, there were almost 4.5 family members per household in our sample (table 2) . Having three children or more in a home might increase the experience regarding childhood diseases and accelerate health care-seeking behaviour, which in turn can reduce the risk of medical complications due to measles infections. In our sample, two households out of five declared having incomes, which was protective for medical complications, but not statistically significant. An analysis of only the severe medical complications revealed that the probability of developing pneumonia or encephalitis from a measles infection decreased with mother's education (OR 0.79; 95% CI 0.68-0.92), immunization status of the child (OR 0.28; 95% CI 0.08-0.94) and households declaring an income (OR 0.31; 95% CI 0.10-0.93). A sub-analysis of relatively mild medical complications such as diarrhoea revealed very similar results to the ones observed for all types of medical complications (table 3) .
Discussion
The 2015 European measles elimination target has been set back by a resurgence of the disease, due low vaccine uptake in certain groups. 22 Failure to vaccinate susceptible populations has weakened herd protection, sparked outbreaks and increased disease transmission, also in the general population. Elucidating the underlying drivers of these outbreaks is a pre-requisite for reaching the measles elimination goal. We examined the contextual conditions of the large measles outbreak in Bulgaria in 2009 and 2010 and found maternal education and other social determinants to be risk factors of medical complications from a measles infection. The high case-fatality rate might, in part, be explained by the social conditions in which the outbreak occurred.
Maternal educational attainment has been shown to be associated with infectious disease outcomes in a number of settings in Europe 23-25 ; for example, mother's education is associated with higher health literacy, access to care, increased vaccine uptake and prevention of childhood diseases. 23, 26 Schooling has also consistently been associated with a range of other health measures in many other countries. [27] [28] [29] [30] The Roma community in Bulgaria has a very young age structure: data from the 2011 population census indicate that children and young people (aged 0-19 years) account for 39% of total Roma population in comparison with 15% in the ethnic group of Bulgarians. 31 The parents of the children affected by this measles outbreak were born in Bulgaria in the early 80s, entering school during the socio-political upheaval when education and health policies changed significantly. National data for educational attainment by ethnic group are not available, but it is striking to observe that 1.2% of the total population never attended school and that 4.8% did not complete primary education. 31 At least 10% of Roma children aged 7-15 years in Greece, Romania, Bulgaria, France and Italy are identified as not attending school, and thus are still in pre-school, are not yet in education, have skipped the year, have stopped school completely or are already working. 32 It is possible that these circumstances contributed to poor parental schooling of the measles cases in our study.
Throughout the political and economic transition of the late 80s, the socio-economic development of the Roma population has experienced a number of impediments. 8, 9 Low educational levels, lack of occupational skills, geographic isolation, poor access to labour market and discrimination have contributed to increased unemployment rates. Lack of job opportunities appropriate for their educational background discourages training and education, reflected in a vicious circle of poor education, poor working opportunities and worsening living conditions. 8 In 2009, Bulgaria had one of the lowest rates of total governmental expenditures over GDP of the EU (37% vs. 49%, respectively). 33 Reductions of public spending in Bulgaria in the past two decades worsened the access of highly vulnerable populations to health and educational services owing to introduced co-payments, fees, transport costs, costs for books, etc. Changes of the health system's structure had more pronounced effects on access to health care for certain population groups. Health coverage with the introduction of a health insurance system is contingent on payment of premiums; moreover, co-payments for medical services were introduced, which restricted access to health care for low-income individuals.
Individuals without referral from general practitioners are expected to pay out-of-pocket for specialized health care access.
Abolishment of community health centres (policlinics) and the introduction of general practitioners affected the distribution of doctors within the country. These variations caused inequities in access to health services, particularly for individuals in rural areas. In 2009, there were 384 people per doctor on average for the region of Burgas compared with 207 people per doctor at the national level.
31 Ensuring access to health for Roma community members has been recognized as a problem for Bulgaria. 8, 9 Although individuals aged <18 years are exempt from co-payment and their health insurance is covered by the state, vaccination coverage against vaccine-preventable diseases among Roma children is not optimal: >40% of the children in our sample did not receive measles vaccine. Low living standard, insufficient education, frequent migratory status, limited access to adequate sanitation and water and high unemployment have contributed to the disparity in access to health for the Roma ethnic group. As a result, Roma communities are particularly susceptible to communicable diseases. Over the past decade, several countries reported epidemics of a number of communicable diseases in Roma communities. 34 In Bulgaria, there were outbreaks of hepatitis A, tuberculosis, poliomyelitis and measles, disproportionally affecting the Roma ethnic group. 35, 36 Limitations of the study Our regional analysis of the measles epidemic in Bulgaria suffered from sample size constraints. Owing to limited resources, a cluster design in a region with a high proportion of medical complications was chosen, rather than a random sample of cases in all regions of the country. The cases were selected randomly from the national epidemiological records and represent almost 21% of all measles cases in the region of Burgas. To correct for the design effect of our random cluster sampling, we have applied the finite population correction factor because our focus is on medical complications for which the population is known and our sample size is large. However, in the absence of data on all measles cases, it is not possible to assess whether the sample of individuals with medical complications is representative of all individuals who contracted measles. It is possible that the sample of medical complications analysed here is not representative of all measles cases in the country because movement of seasonal migrant populations (particularly during the summer) distorts national population figures and possibly the data collected in our chart review. An ordinance by the Ministry of Health was issued during the outbreak period to hospitalize all Roma cases to contain the spread of the epidemic and minimize medical complications of the infection, particularly severe ones. Improved access to care and treatment opportunities for patients probably reduced further medical complications and fatalities. Our results might therefore be biased towards the null hypothesis.
Conclusions
Structural determinants of health, the social, political, cultural and economic context in which the outbreak occurred, might have contributed to the large number of cases and high case-fatality rate.
Our data indicate that contextual factors contributed to medical complications from measles infection, specifically maternal educational attainment. Bolstering educational opportunities for women, particularly among vulnerable groups, would be an effective avenue of intervention. Regrettably, intervening on social determinants of infectious diseases is fraught with difficulties. 17, 37 Low vaccine uptake in certain groups has resulted in susceptible populations with loss of herd immunity; these populations are particularly vulnerable conduits of epidemics during times of economic downturns. [38] [39] [40] These large-scale outbreaks can easily contribute to continent-wide dispersal of measles, and thereby threaten the measles elimination goal set for 2015; however, maternal education might be a crucial channel to contain medical complications due to measles, also in Europe.
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Key points
The measles elimination target for Europe by 2015 is threatened by poor vaccination coverage and large-scale outbreaks, such as the 2009-2010 outbreak in Bulgaria. This outbreak claimed 24 253 cases and 24 deaths, disproportionally impacted young individuals of the Roma community and eventullay sparked a number of other outbreaks throughout Europe. We reviewed outbreak charts of 206 measles cases in a region of Bulgaria with a high proportion of medical complications and collected individual level data about their social conditions and medical complications from measles. Mother's education was protective against medical complications from measles in our study population.
Background: During the global pandemic of A/H1N1/California/07/2009 (A/H1N1/Cal) influenza, many governments signed contracts with vaccine producers for a universal influenza immunization program and bought hundreds of millions of vaccines doses. We argue that, as Health Ministers assumed the occurrence of the worst possible scenario (generalized pandemic influenza) and followed the strong version of the Precautionary Principle, they undervalued the possibility of mild or weak pandemic wave. Methodology: An alternative decision rule, based on the non-extensive entropy principle, is introduced, and a different Precautionary Principle characterization is applied. This approach values extreme negative results (catastrophic events) in a different way and predicts more plausible and mild events. It introduces less pessimistic forecasts in the case of uncertain influenza pandemic outbreaks. A simplified application is presented using seasonal data of morbidity and severity among Italian . The strong version of the Precautionary Principle would suggest using this prediction for vaccination campaigns. On the contrary, the non-extensive maximum entropy principle predicts a lower attack rate, which induces a 20% saving in public funding for vaccines doses. Conclusions: The need for an effective influenza pandemic prevention program, coupled with an efficient use of public funding, calls for a rethinking of the Precautionary Principle. The non-extensive maximum entropy principle, which incorporates vague and incomplete information available to decision makers, produces a more coherent forecast of possible influenza pandemic and a conservative spending in public funding. 
